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1. Introduction 

With the development of society and science and technology, under the condition of limited resources on the earth, we have to 

consider the issue of sustainable development of society now. Therefore we focus that how to provide a human-friendly cleaning 

environment for indoor life and how to keep the clean environment with the low energy. Besides, the outbreak of the Coronavirus 

Disease 2019（COVID-19）has not only affected the global economy, but even affected the normal activities and work of the people 

all over the world this year. In order to ensure the normal activities of human beings, alcohol disinfection and wearing masks are 

indispensable, which has also awakened the public consciousness: a high-quality environment is essential for work and life even the 

future social development. Therefore, we propose an isolated closed clean unit system platform (CUSP). Clean unit system platform 

(CUSP), having fan-filter-unit (FFU) with 100% feedback and Gas Exchange Unit (GEU) consisting of multi-stacked Gas Exchange 

Membranes (GEMs), is shown theoretically and experimentally to be versatile in reducing airborne particles[dusts and 

microbes]-density with controlling gas-molecule concentrations in any closed space based upon scaling rules，and CUSP returns all 

the exhaust air of the used FFU to the air supply side, and constitutes an isolated system, which does not exchange a large amount of 

air inside or outside.[1] The gas-molecule concentration control is achieved by diffusion of molecules through GEM when 

concentration gradient exists across the GEM in marked contrast to conventional systems in which the concentration control is done 

by ventilation. And in this system, FFU exists in isolation from the outside world, which is also very different from traditional 

systems. In addition, this is an active system, which achieves cleaning by directly collecting the dust in the room with FFU, which 

also forms a sharp contrast with the conventional system. CUSP will provide a clean space for all of us, and is mainly used to 

improve sleep quality and air cleaning in medical environments. 

2. Experimental 

We have theoretically proved that the internal dust count of CUSP is independent of the initial state of external dust, and that 

controlled ventilation through molecular diffusion can replace the traditional system of machine ventilation. In terms of experiments 

and applications, CUSP is mainly used for sleep quality testing and medical environment cleaning. As shown in picture below, it is a 

connected CUSP booths used in medical environment cleaning, also named as CCB. The Fig. 1 is a simplified model picture of our 

CCB, which is divided into two parts: the doctor's booth (DB) 

and the patient's (PB) as the picture shown. And the Fig.2 is 

outlook of a CCB. Here, DB is to the left, and PB is to the 

right. Each booth has a window as seen in the middle. As 

shown in the Fig.3, the FFU is located on the innermost side. 

The DC170 device used to detect the number of particles is 

placed in the middle of each CUSP. The two windows above 

the connection of the two CUSPs are the windows that 

simulate the diagnosis when the doctor treats the patient. We 

calculate the degree of PB to DB diffusion and the 

degree of particle size distribution in space by 

measuring the number of particles on both sides.  

In addition, we cooperated with National Cheng 

Kung University to apply tent type clean unit system 

platform, or named T-CUSP to sleep quality testing. 

Figure.2 Outlook of the CCB.  
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Figure.1 Model picture of CCB.  
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Figure.3 Experimental inside CCB 



 

The proposed system includes a cleaning unit system platform (CUSP) for air quality control, a light air-box for monitoring air 

quality to detect environmental quality, and several physiological signal measurement devices for tracking the physiological state of 

users. [2] With computer science related technologies, we can monitor and detect environmental quality, and collect and analyze data 

related to the user's physical condition (such as blood pressure, heart rate, etc.). 

3. Results and Discussion 

In the terms of sleep quality applications, we have proved through experimental data that it is feasible to integrate a variety of 

measurement functions related to air quality into a light-weight device-flight case, and we will further improve the usability of the 

system, study the correlation between environmental factors and sleep quality, and further improve the sleep quality of users. In 

terms of CCB, by burning the candle we measured the diffusion coefficients of molecules through the exchange membrane. And we 

have confirmed a very low PM density in DB even when much PM is generated in PB as shown following Figure. Thus, CCB would 

be a very effective tool for us to tackle Covid-19. 

 

In the application of the medical environment cleaning 

system (CCB), based on the current experiment, we will 

study the relationship equation of the dust density of the PB 

side and the DB side over time, and also study the molecular 

diffusion relationship between the PB side and the DB side 

in order to better improve the environment on the DB side.  
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Figure.4 Number of PM2.5 particles on the PB side 

 
Figure.5 Number of PM0.5 particles on the PB side 

Figure.6 Number of particles on the DB side 


